Abstract: We report the synthesis and characterization, biological activity, DNA binding, colorimetric anion sensor properties, computational (HF) and molecular docking studies of a novel Schiff base (E)-4-[(4-ethoxyphenylimino)methyl]-2-methoxyphenol. The molecular structure of the title compound was experimentally determined using spectroscopic data and was compared to the structure predicted by theoretical calculations using density functional theory (DFT). In addition, atomic charges, molecular electrostatic potential (MEP), nonlinear optical (NLO) effects, the potential energy surface (PES) scans about two important torsion angles and thermodynamic properties of the title compound were predicted using DFT. The antimicrobial activity of the compound was investigated for minimum inhibitory concentration. UV-Vis spectroscopy studies of the interactions between the compound and calf thymus DNA (CT-DNA) showed that the compound interacts with CT-DNA via intercalative binding. The colorimetric response of the Schiff base receptors in DMSO was investigated. The most discernable color change in the Schiff base was caused by CN − , which demonstrated that the ligand can be used to selectively detect CN − .
INTRODUCTION
ANILIN (4-hydroxy-3-methoxybenzaldehyde) is a pleasant-smelling aromatic compound, which is the principal flavoring constituent in vanilla beans. As a primary substitute for natural vanilla, vanillin is widely used as an ingredient in food and animal feeds. It serves as a food flavoring, a pharmaceutical intermediate and a fragrance in perfumes and odor-masking -masking products. The Schiff bases of 4-hydroxy-3-methoxy-1-benzaldehyde (vanillin) have been extensively studied because of their important applications. [1] [2] [3] [4] [5] [6] They have been used as a fluorescent probes for Ag + in aqueous solution. [7] These compounds, as well as their metal complexes, have been found to possess biological activity [8] and were used in DNA binding studies of Mg(II) complex. [9] Antibacterial activity has also been reported for the Co(II), Ni(II), Cu(II) and Zn(II) complex of the Schiff base of 4-hydroxy-3-methoxy-1-benzaldehyde. [5] Schiff base ligands may contain a variety of substituents with different electron-donating or electronwithdrawing groups, and therefore may have interesting chemical properties. Besides the biological activity, solidstate thermochromism and photochromism are other characteristics of these compounds leading to their
V
The 1 H-, 13 C-NMR spectra were recorded on a Bruker DPX FT-NMR spectrometers operating at 500 and 125.7 MHz C-N-H analyses were performed on a LECO CHNS-932 analyzer. Infrared absorption spectra were obtained from a Perkin Elmer BX II spectrometer in KBr discs. UV-Visible spectra were measured by using a Perkin Elmer Lambda 2 series spectrophotometer with 1.0 cm quartz cells. 3-methoxy-4-hydroxybenzaldehyde, 4-ethoxyaniline, chloroform, ethanol, DMSO, and THF were purchased from Merck (Germany). Ethidium bromide (EB), calf thymus DNA (CT-DNA), pBR322 DNA, (Bu)4NF, (Bu)4NBr, (Bu)4NI, (Bu)4NCN, (Bu)4NSCN, (Bu)4NClO4, (Bu)4NHSO4, (Bu)4NCH3COO, (Bu)4NH2PO4, (Bu)4NN3 and (Bu)4NOH were purchased from Sigma (USA). The Tris-HCl buffer solution was prepared with triple-distilled water. CT-DNA stock solution was prepared by diluting DNA to Tris-HCl/NaCl buffer (5 µM Tris-HCl, 50 µM NaCl, pH 7.2), and kept at 4 °C for no longer than two days. 
Synthetic Procedures (E )-4-[(4-
Ethoxyphenylimino
X-Ray Crystallography and Data Collection
Crystallographic data were recorded on a Bruker Kappa APEXII CCD area-detector diffractometer using MoKα radiation (λ = 0.71073 Å) at T = 100 K. Data collection, reduction, and corrections for absorption and crystal decomposition for compound were achieved by using X-AREA, X-RED software. [28] The crystal structure was solved by SHELXS-97 and refined with SHELXL-97. [29, 30] The positions of the H atoms bonded to C atoms were located geometrically and refined as riding with a respective C-H distance of 0.93 Å corresponding to the aromatic C-H bonds. All atoms (except hydrogen) were located from a difference Fourier map and refined anisotropically. The details of the X-ray data collection, structure solution, and structure refinements are given in Table 1 . The bond distances, bond, and torsion angles are listed in Table S1 (supplementary materials). The molecular structure with the atom-numbering scheme is shown in Figure 1 . [31] Crystallographic data (excluding structure factors) for the structures reported in this paper has been deposited with the Cambridge Crystallographic Data Centre as supplementary publication number CCDC 1048672.
DFT Calculation Details
The theoretical calculations of the title compound were performed by using the Gaussian 09 software package program. [32] The input and output files were visualized via GaaussView 5 visualization program. [33] The geometry optimization, structural properties, vibration spectra and NLO properties of the title compound were determined through the applications of B3LYP (Becke's threeparameter hybrid model using the Lee-Yang Parr correlation [34, 35] with the 6-311++G(d,p) basis set. [36] The optimized structure parameters of the title compound were also calculated by using Hartree-Fock (HF) using the 6-311++G(d,p) basis set. The potential energy surface scans (PES) for the conformational analysis of the compound were obtained by minimizing the potential energy using B3LYP/6-311++G(d,p) level of theory for all geometrical parameters by varying the torsion angles in steps of 10° in the range of 0°-360° rotation around the bond. Moreover, a detailed assignment of vibrational modes for the title compound was performed on the basis of potential energy distribution (PED) by using VEDA 4 program [37] based on the B3LYP/6-311++G(d,p) level. 1 H NMR and 13 C NMR chemical shifts were calculated within GIAO approach [38] which is one of the most common approaches for calculating nuclear magnetic shielding tensors. To investigate the reactive sites and to identify sites of intra-and intermolecular interactions of the compound, molecular electrostatic potential surface was evaluated by using B3LYP/6-311++G(d,p) level. The total molecular energies, HOMO and LUMO energies and HOMO-LUMO band gaps were predicted by the same level. For the title compound, the chemical hardness (η) was calculated by using HOMO and LUMO energies. [39] Finally, The total molecular dipole moment (μtot), linear polarizability (αij), and the first-order 
Molecular Docking Calculations
Molecular docking calculations were performed on AutoDock-Vina software [41] and AutoDockTools (ADT) was used for creating docking data entry files. 
DNA-Binding Experiments
The UV-Visible spectra titrations were carried out in TrisHCl/NaCl buffer at room temperature to investigate the binding affinity between CT-DNA and the Schiff base. The UV-Vis absorbance at 260 and 280 nm of CT-DNA solution in Tris buffer gives a ratio of 1.8-1.9, indicating that the DNA was sufficiently free of protein. [45] Tris-HCl/NaCl buffer (3 mL) and the solutions of Schiff base of buffered CT-DNA solution was added to each cuvette in order to eliminate the absorbance of DNA itself. Before the absorption spectra were recorded, the Schiff base-DNA solutions were incubated at room temperature for 5 min.
Anion Sensors Measurements
Schiff base (0.006 mmol) was dissolved in DMSO (50 mL). Tetrabuthylammonium salts (F − , Br − , I − , CN − , SCN − , ClO4 − , HSO4 − , CH3COO − , H2PO4 − , N3 − , OH − ) (0.006 mmol) were dissolved in DMSO (50 mL). Each solution of tetrabutylammonium salts was added to the Schiff base solution (1:1) in the UV cuvette and tube. After mixing them, UV absorption spectra and photographs were taken at room temperature.
RESULTS AND DISCUSSION

Description of the Crystal Structure
The title compound, with an Ortep-3 view shown in Figure  1 , crystallizes in the monoclinic space group P21/c with Z = 8 in the unit cell. The asymmetric unit of the title compound contains two independent molecules, namely (I) and (II). The molecules (I) and (II) in the asymmetric unit are nonplanar. The dihedral angles between the two phenyl ring systems [part 1:C2−C8, C1, O1, O2 for (I), C18−C24, O4, O5 for (II); part 2: N1, O3, C9−C16 for (I), N2, O6 C25−C32 for (II)] are 30.6(1)° and 49.2(3)°, respectively, for molecules (I) and (II). In the azomethine groups, the N1-C8 distance is 1.282(2) Å for molecule (I) and N2−C24 distance is 1.284(2) Å for molecule (II). The bond lengths and bond angles of the title compound are in a good agreement with those of the related structures. [39,46−50] For example, the double distance of N-C is 1.299(2) Å for 1-[(4-ethoxyphenylimino)methyl]napthalene-2-ol. [50] In the crystal structure of the title compound, there are two intramolecular and fifteen intermolecular hydrogen bonds. The donor and acceptor distances are 2.677(1) Å for O2-H2···O1 and 2.714(1) Å for O4-H4···O5 for the intramolecular hydrogen bonds, respectively Table S2 , Figures 1 and S1. X-Ray structure determinations reveal that the enol tautomer is favoured over the keto tautomer. This is evident from the observed O2-C7 bond distance of 1.353(2) Å and O4-C23 bond distance of 1.354(2) Å, which is consistent with the O-C single bond; similarly the N1-C8 distance of 1.282(2) Å and the N2-C24 distance of 1.284(2) Å are also consistent with the N=C double bonding, respectively. The average single O-C is 1.366(2) Å for similar to investigated compound structure of 1-[(4-ethoxyphenylimino)methyl]napthalene-2-ol. [50] 
Optimized Molecular Structure
The calculated bond distances, bond angles, and selected torsion angles are compared with the experimental values of the title compound (Table S1 ). The conformational discrepancies between the X-ray structure and optimized counterparts by using Hartree-Fock (HF), and the B3LYP functional with 6-311++G(d,p) basis set can be seen in Figure S2a and S2b. As seen from Figure S2a and S2b, when the X-ray structure of the title compound is compared with its optimized counterparts, slight conformational discrepancies are observed between them. The most significant structural disparities are found in the orientation of 3-methoxy-4-hydroxybenzaldehyde ring (part 1) in the compound. This structural disparity is defined by torsion angles C9-N1-C8-C4 [177.55 (13) It is well known that DFT-optimized bond lengths are usually longer and more accurate than HF due to the inclusion of electron correlation. [50, 51] According to our calculations, the biggest difference between experimental and calculated bond lengths is about 0.032 Å for HF and 0.056 Å for B3LYP level, while the root means square error (RMSE) is found to be 0.012 Å for HF and 0.014 Å for B3LYP. According to the RMSE value, the bond lengths obtained by the B3LYP level show a good correlation with the experimental values. For bond angles, the opposite was observed. As can be seen from Table S1 , both the biggest difference and the RMSE for the bond angles obtained by the DFT calculations (B3LYP level) are larger than those determined by HF. A logical method for globally comparing the structures obtained from theoretical calculations is by superimposing the molecular skeleton on that obtained from X-ray diffraction. According to these results, it may be concluded that the B3LYP calculation reproduces the bond lengths well, while the HF method is better at predicting the bond angles and 3D geometry of the title compound. Whereas the most of the calculated bond lengths are slightly longer than the experimental values, as seen from Table S1 , the calculated bond lengths and angles are in good agreement with the experimental values for the title compound and also similar compounds in the literature. [39, [46] [47] [48] [49] [50] We noted that the experimental results belong to the solid phase whereas theoretical calculations belong to the gas-phase. The result in the differences of bond parameters between the calculated and experimental values depend on the existence of the crystal field along with the inter-molecular interactions connects the molecules together in the solid state. [50] 
Potential Energy Surface (PES) Scan
It will be interesting to investigate if the conformation obtained by optimization of the molecule in the crystal structure is just a local minimum, or it is indeed the most favorable molecular conformation in the vacuum. For this purpose the conformational search taking into account the single bonds C4-C8 and N1-C9 have been performed at the torsion angles T1(C5-C4-C8-N1) and T2(C8-N1-C9-C10). The scans were obtained by minimizing the potential energy using B3LYP/6-311++G(d,p) level of theory in all geometrical parameters by varying the torsion angles at a step of 10 o in the range of 0-360 o rotation around the bond. The variations of potential energy change from its equilibrium with the torsional perturbation are presented in Figure 2a and 2b. Potential energy surface (PES) scan for torsion angles T1 shows only one minima positions at 180 o , while T2 shows four minima positions at 30 o , 150 o , 210 o and 330 o . The minima of the curves correspond to the low energy conformers which are most highly populated and usually responsible for chemical and biological properties of the molecule. These energies of the most stable conformation are −900.58771 Hartree for T1 and −900.58768 Hartree for T2.
Molecular Electrostatic Potential (MEP)
MEP has been used to explain and predict relative reactivity sites for the electrophilic and nucleophilic attack, investigation of hydrogen bonding interactions, molecular cluster and crystal behavior and the correlation and prediction of a wide range of macroscopic properties. [51] MEP in the B3LYP/6-311G++(d,p) optimized geometry was determined. MEP is shown in Figure 3 . The negative (red) and the positive (blue) regions in the MEP were related to electrophilic reactivity and nucleophilic reactivity, respectively. Title molecule has several possible sites for electrophilic attack. Negative electrostatic potential regions (red color) are mainly localized over the oxygen atoms. The negative MEP value is −0.032 a.u. for O2 atom. The deepest positive point of MEP is localized on the etheric ArOH, ArOCH2CH3 and ArOCH3 atoms and these values are almost +0.032 a.u. These sites give information about the region from where the compound can have intermolecular interactions. It can be indicative of strong intramolecular and intermolecular hydrogen bonds (O-H … N) in the crystal structure.
Natural Bond Orbital (NBO) Analysis
The double bond character of N1-C8 was revealed by NBO analysis (Table S3 ). The aldehyde ring (ring 2), consisting of C2, C3, C4, C5, C6, C7 atoms, and rings (ring 1) of the aniline part, consisting of C9, C11, C12, C13, C14 atoms, are typically in a single-double arrangement that forms the conjugate structure. The NBO occupancies of single O1-C2, O2-C7 and O3-C12 are at the same level in the whole molecule. The calculated results from the NBO analysis are consistent with those obtained from X-ray structure analysis of the compound. So, NBO analysis can be a very useful method for molecular modelling.
The results of second-order perturbation theory analysis of the Fock matrix at B3LYP/6-311++G(d,p) level of theory found the stabilization energies larger than 3.0 kcal/mol. The stabilization energy E (2) value increases with the strong interaction between electron donors and electron acceptors. Also, the larger the stabilization energy E (2) values, the greater the extent of the conjugation of the whole system. The strong intramolecular hyperconjugative interaction of the σ and π electrons of C-C to the anti C-C bond of the aromatic rings results in stabilization of some part of the rings, such as the intramolecular hyperconjugative interaction of the σ(C2-C3) contributed to σ*(C2-C7) and σ*(C3-C4) stabilization of 4.28 and 3.40 kcal/mol. This enhanced further conjugation with antibonding orbitals π* of the C4-C5 and C6-C7 which results in strong delocalization of 16.98 and 18/56 kcal/mol, respectively. The results from the NBO analysis indicate that the C4-C5, C9-C14, C10-C11 and C12-C13 bonds have the same kind interaction.
The donor orbitals LP(2) of O3 have strongest interaction energies resulting in stabilization of 29.27 kcal/mol. This important interaction reveals the existence of intermolecular hydrogen bonding between O atom of imine ring (ring 2) and C atom of aldehyde (ring 1) (C-H … O) 
Vibrational Spectra
The vibrational band assignments were performed at B3LYP/6-311++G(d,p) theory level defined from their potential energy distributions (PED) to compare the experimental (FT-IR) and calculated vibrational frequencies of the title compound ( Figure S3 ). We analyzed the normal vibrational frequencies and compared our calculated results for the investigated compound with the experimental ones on the basis of potential energy distributions (PED) ( Table S4 ).
It is well-known that the vibrational wavenumbers obtained by DFT computations are usually overestimated compared to their experimental counterparts. To overcome discrepancies between observed and calculated wavenumbers, the scaling factors were introduced by assuming the relationship between the calculated unscaled (ν ucal) and experimental (νexp) wavenumbers are linear and described by the following equation: According to the fitting results of equation, the general scale factor value was found to be 0.96287 for B3LYP/6-311++G(d,p) level. We calibrated the vibrational wavenumbers by using a scale factor value of 0.96287.
The infrared spectra of the title compound contain some characteristic bands for the stretching vibrations of O-H, C-H, C-H2, C-H3, C=N, C=C, C-C, C-O and C-OH groups.
UV-Visible Spectra and HOMO-LUMO Studies
An experimental UV-Visible spectrum of the title compound is given in Figure S4 . In order to understand electronic transitions in the title compound, TD-DFT calculations were performed for different solvents (DMSO, EtOH, and chloroform). The calculated frontier orbital energies, absorption wavelengths (λ), oscillator strengths (f) and excitation energies (E) for different solvents (DMSO, EtOH, and chloroform) are listed in Table S5 . The UV-Visible spectra of the title compound shows three bands at 240, 253, 336 nm and 253, 288, 340 nm for CHCl3 and DMSO and, four bands at 207, 228, 284, 337 nm for Et-OH, which is assigned to the π-π* and n-π* transition of the C=C and C=N. The pictorial form of the HOMO and LUMO charge transfer is shown in Figure 4 . The major contributions of the transitions were designated with the aid of GaussView 5 visualization program. [33] The visible absorption maxima of this molecule from calculations of the molecular orbital geometry due to electron transition between the calculated absorption maxima are found to be 361, 302 and 280 nm in DMSO solution, 360, 301, 253, and 244 nm in chloroform solution and 360, 301, 280, 233 and 226 nm in ethanol solution. The maximum absorption wavelength corresponds to the electronic transition from HOMO to LUMO with 68% contribution. This transition (HOMO-LUMO) confirms the π-π* and n-π* transitions. They are all assigned to the π-π* and n-π* transitions which are also confirmed by NBO analysis. The HOMO-LUMO energy gap value was found to be 3.9203 eV at B3LYP/6-311++G(d,p) in the gas phase. They are mostly π-antibonding type molecular orbitals in the structure. The chemical hardness is useful to rationalize the relative stability and reactivity of chemical compounds. For the title compound, the chemical hardness (η) was calculated as 1.9602 eV. In conclusion, X-ray, FT-IR, Quantum Chemical Calculations, UV-Visible, 1 H-and 13C-NMR results show that the compound exists in the enol-imine form.
H-and 13 C-NMR Spectra
Non-Linear Optical Effects
The NLO properties such as the total dipole moment (μtot), linear polarizability (αij), and the first hyperpolarizability (ϐijk) of the title molecule were also investigated in this study. It is well known that the higher values of molecular linear polarizability and first hyperpolarizability are important for more active NLO properties. The polarizabilities and hyperpolarizability are reported in terms of atomic units (a.u) and the calculated values have been converted by using 1 a.u 3 = (0.529) 3 Å 3 for α and 1 a.u = 8.641 × 10 −33 cm 5 /esu for ϐ.
The total dipole moment (μtot), the linear polarizability (α) and the first hyperpolarizability (ϐ) were calculated at the B3LYP/6-311++G(d,p) level of the compound. The calculated total dipole moment (μtot), polarizability (α) and first hyperpolarizability (ϐ) for the title compound 1.6 times greater than that of para-nitroaniline (p-NA) molecule, which is a typical NLO material. [52, 53] p-NA molecule was chosen as a reference molecule because there were no experimental values about the title complex in the literature. Urea is also one of the most widely used molecules for determination of NLO properties of molecular systems and can be used as a reference molecule in NLO studies. [54] calculated with B3LYP/6-311++G(d,p) method and greater than that of N-(2,5-methylphenyl)salicylaldimine (3.752 × 10 −30 cm 5 /esu), [55] (E)-2-ethoxy-4-[(4-ethoxyphenylimino)methyl]-phenol (7.0934 × 10 −30 cm 5 /esu). [39] 
Minimum Inhibitory Concentration (MIC)
The data reported in Table 2 are the average data from three experiments. It can be observed from This difference may be attributed to the fact that the cell wall in Gram-positive bacteria are of a single layer, whereas the Gram-negative cell wall is a multilayered structure, and the yeast cell wall is quite complex. Some C. albicans species have shown resistance to antifungal drugs. Antibacterial and antifungal activities of the compound were compared with those of the standard drugs ampicillin and fluconasol. However, it had similar or much less activity against the tested organisms except C. albicans ATCC 60193 compared with the reference drugs. Surprisingly, the compound had very strong effect against C. albicans ATCC 60193. The low activity of the Schiff base is due to their low lipophilicity, because of which penetration of the complex through the lipid membrane was decreased and hence, they could neither block nor inhibit the growth of the microorganism.
DNA-Binding
The potential binding ability of the compound to CT-DNA was characterized by UV spectroscopy. The absorption spectra of the Schiff base in the absence and presence of CT-DNA at different concentrations are given in Figure 5 . Absorption spectroscopy is one of the most commonly used methods to investigate the effects of any material on DNA.
If it has an intercalation effect against DNA, generally the hypochromic effect is observed. [56, 57] But if the material's interaction with DNA is electrostatic or partially intercalative, the hyper-chromic effect is observed. Moreover, the red shift of the maximum absorptions indicates that the difference between HOMO and LUMO energy levels decreases and that the complex interacts with DNA. The absorption spectra for the Schiff base in the absence and presence of CT-DNA are shown in Figure 5 . In the UV region, three intense bands were absorbed in 272, 340 and 429 nm for Schiff base. In the presence of CT-DNA, a decrease in peak intensities was observed in the absorption spectra of Schiff base. In addition to the increase in intensity, a small red shift (bathochromism; 6-8 nm) was also observed in the spectra for the Schiff base. 
Colorimetric Anion-Sensing
In Schiff bases, [26, 27, 58, 59] the acidic phenol proton would deprotonate upon exposure to nucleophiles and therefore, the intramolecular proton transfer occurs to the ketoamine form. And/or phenol-imine and keto-amine tautomerism occur. This phenomenon among 'Schiff bases' is exhibited due to the tautomerism between phenol-imine and keto-amine form via six membered hydrogen transfer between the phenolic hydrogen and imine nitrogen. Consequently, the anion selectivity and electrostatic DNA binding occur. The sensing ability of the title compound (5 × 10 −6 M) was studied in DMSO. Upon the addition of 1 equiv. of each anion, only CN -resulted in the appearance of the color, which can be attributed to the hydrogen bonds between the title compound and the anions and to the resultant charge transfer processes in the title compound. On the other hand, the addition of other anions ( In natural light, the observed color changes were from colorless to yellow for CN − . There was no discernible fluorescence change under the hand held long wave UV lamp as yellow for CN − (Figure 6b) . The most discernable color change in the Schiff base ligand was caused by CN − , which demonstrated that the compound can be used to selectively detect CN − . It is important to comment on the mechanism of cyanide anion binding to the title compound. Cyanide has much weaker hydrogen bonding ability in comparison with OH − , F − and AcO − with stronger nucleophilicity toward the imine group, which results in the addition reaction of CN − to the carbon atom of an electron deficient imine group and, subsequently, fast proton transfer of the phenol hydrogen to the neighboring nitrogen anion through an intramolecular hydrogen bond. [26, 27] 
Molecular Docking Study of Title Compound with FAE
Schiff base ligands have been reported as plant growth regulators, antimicrobial and antibacterial activity. [60] Prediction of Activity Spectra (PASS) [61] is an online tool which predicts different types of activities based on the structure of a compound. PASS analysis of the title compound is given in Table S7 . According to the PASS analysis, to evaluate the inhibitory nature of the title compound against FAE protein, molecular docking studies were performed. High resolution 3D crystal structure of FAE was downloaded from the protein data bank (PDB ID: 1UWC). [62] Figure 5. Absorption spectra of the compound in the absence and presence of increasing amounts of CT-DNA at room temperature in Tris-HCl/NaCl buffer (pH 7.2). The docking protocol we employed predicted a convenient confirmation with RMSD value well within the allowed range of 2Å. The criterion to be considered after RMSD is the bonding energy. The reason behind this priority order is that the structure may give low bonding energy outside the active site as well. The predicted bonding energy as a result of molecular docking and RMSD values are given comparatively in Table 3 . Amongst the docked conformations of the title compound, the conformation which was close to the conformation of cocrystallized ligand and scored well was visualized and is given in Figure S6 . Energetically the most favorable docked structure obtained from the rigid molecular docking of the title ligand with FAE is shown in Figure S7 . The relative binding energy of the docked ligand-FAE is found to be −6.5 kcal/mol. The title compound binds at the active site of the FAE by weak non-covalent interactions, most prominent of which are H-bonding (3.04 Å: N atom of SER7 and O3 atom of ligand), two carbon hydrogen bond (3.65, 3.31 Å), two π-alkyl (3.85, 4.74 Å) and van der Waals interactions as shown in Figure 7 . According to the calculations, the title compound might inhibit FAE.
Molecular Docking Study of the Title
Compound with DNA
To understand the drug-DNA interaction molecular docking is used. Structurally different molecules bind with DNA in a different fashion, respectively. Molecular docking studies were performed to understand the interaction mechanism between the investigated compound A-DNA (PDB ID: 3V9D) and B-DNA (PDB ID: 1BNA), and the preferred molecular orientation in A-DNA and B-DNA. The predicted bonding energy as a result of molecular docking and RMSD values are given comparatively in Table 3 . Energetically the most favorable docked structures obtained from the rigid molecular docking of the title compound with 3V9D (A-DNA) and 1BNA (B-DNA) are shown in Figure S8a and S8b. The relative binding energies of the docked compound-(A-DNA) and compound-(B-DNA) are found to be the same value of −6.2 kcal/mol. The compound binds at the active site of the 3V9D for A-DNA nucleic acid by weak noncovalent interactions most prominent of which are conventional H-bonds and π-alkyl interaction, while the title compound binds at active site of 1BNA for B-DNA nucleic acid by weak non-covalent interactions most prominent of which are CH … O interactions π-donor interactions and π-π interaction. These interactions are illustrated in Figure S9a 
CONCLUSIONS
The synthesis of a Schiff base (E)-4-[(4-ethoxyphenylimino)methyl]-2-methoxyphenol was reported. The molecular structure of the Schiff base was confirmed using the spectroscopic and crystallographic method. In addition, density functional modelling studies of the Schiff base ligand were reported in this study. The calculated geometric parameters according to the Hartree-Fock (HF) and density functional theory (DFT) with the 6-311++G(d,p) basis set are in good agreement with the X-ray structure. The theoretical evaluation of NLO properties yielded that the title compound had larger polarizability and hyperpolarizability values than urea, which denotes its use in potential NLO applications. The potential energy surface (PES) scans two torsion angles are performed by using B3LYP/6-311++G (d,p) level of theoretical approximation for the compound. As a result, quantum chemical calculations and experimental (X-ray, FT-IR, UV-Visible, 1 H-and 13 C-NMR) results show that the title compound exists in the phenolimine form.
According to the molecular docking studies, these initial results show that the compound might inhibit FAE and DNA.
However, in this study, the compound was active against both types of bacteria, as well as active against yeasts, which may indicate broad-spectrum properties. Experimental UV-Vis spectroscopy studies of DNA binding proved that the title compound can intercalate into CT-DNA, which demonstrates its potential use as a DNA-repair agent. In addition, the compound was able to selectively recognize cyanide anions in DMSO, which was confirmed by colorimetric studies. 
